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Description 

The present invention is directed to apparatus and method for handling small liquid samples according 
to the preambles of claims 1 and 12. Such apparatus and method are disclosed in US — A— 4 215 092. More 

5 specifically, it is directed to apparatus and method, such as are required in initial filling and serial dilution of 
liquid samples in microtiter trays where each receptacle holds only about one tenth to ten milliliters of 
liquid. Such a serial dilution system basically involves mixing the sample with successively increasing 
proportions of a dNuent in separate receptacles thereby to obtain a series of successively decreasing 
concentrations of the sample. The various sample concentrations can then be assayed to determine a 

10 particular property. For example, the sample might be a serum and the assay might be used to determine 
which concentration of the serum provides optimum results when reacted with a particular substance. 

Initially, serial dilution of a sample was performed manually, wherein different proportions of the 
sample would be mixed with diluent contained in different respective test tubes, for example with the aid of 
a syringe or pipette. This procedure consumed a considerable amount of time when a number of different 

15 concentrations were required. Consequently, machines for automatically or semi-automatically performing 
serial dilutions were developed. One example of such a machine is disclosed in U.S. Patent 
US— A — 3,188,181. The serial dilution machine disclosed in that patent includes a horizontally movable 
carriage that accommodates a rack of test tubes. A vertically movable syringe holder housing a plurality of 
off-the-shelf syringes respectively connected to pipettes is raised and lowered by means of a cam to bring 

20 the pipettes into the liquid volume in a row of test tubes within the rack. A cam operated pumping head 
oscillates the syringes to mix fluid in the pipettes with that in the test tubes. After mixing, fluid is withdrawn 
from the test tubes, the syringe holder is lifted, and the carriage is incremented to another row of test tubes 
to repeat the operation. When the serial dilution operation is complete, a first row of test tubes in the rack 
might contain undiluted concentrations of the sample, the second row of test tubes would contain a 50/50 

25 concentration of the sample, the third row would be a 25/75 concentration, and so forth, depending on the 
amount of liquid transferred by the pipettes. 

The US — A — 4,215,092 describes a multichannel pipette having an arrangement of replaceable tip 
containers in which the individual tip containers are connected together by flexible connecting members 
which are deformable to permit connection of the tip containers to differing configurations of tip cones. 

30 The US — A — 3,650,306 relates to a laboratory dispensing apparatus including a base, a liquid reservoir 
and well assembly mounted on the base, and a microtftration plate carrier device mounted on the base for 
reciprocating movement between a forward retracted position and a rearward operative position overlying 
a portion of the well. A vertically movable pipette dispensing assembly is positioned above the base in 
operative alignment with the portion of the liquid well so that with the carrier in the forward retracted 

35 position the plural pipettes may withdraw microquantities of liquid from the well andthen dispense the 
same into the microtitration plate wells when the carrier is moved to the rearward position. The plural 
pipettes are supported and a contained in a head unit which is readily removable from the dispensing 
assembly to permit quick changing of heat units for cleaning purposes. 

It is an object of the present invention to provide a novel apparatus and method for automatically 

40 effecting transfer of liquid between receptacles without cross contamination or errors in the quantity of 
liquid so transferred and which is particularly useful in performing serial dilution of small liquid samples 
with substantially improved performance over that possible with the machine of the previously noted 
patent. More particularly, when handling certain types of solutions, it is desirable to prevent cross- 
contamination between various sample concentrations. Typically, this is done in the manual method by 

45 utilizing disposable tips on the pipettes that withdraw the liquid from one receptacle and mix It with diluent 
in another. After each mixing operation, the tip is removed from the pipette and replaced with a clean one. 
However, . heretofore known serial dilution machines do not offer the ability to change tips between each 
cycle in the serial dilution process. Consequently, when prevention of cross-contamination is desired, the 
machine must effect a multi-step washing process for the pipettes, or provide a flushing process between 

so each cycle in the process. The washing process substantially increases the time that is required to effect a 
serial dilution since a number of steps are added in each cycle of the process. The flushing procedure 
generates a considerable amount of waste liquid that must be disposed of. 

Accordingly, it is a more particular object of the present invention to provide a novel automatic serial 
diluter arrangement that is capable of automatically changing disposable tips on pipettes in a quick and 

55 efficient manner in any desired cycle of the serial dilution process from initial fill of the liquid receptacles 
through any of a selectable plurality of addition or subtraction steps to transfer liquid between the 
receptacles. 

These objects are achieved by the features of the independent apparatus and method claims 1 and 12, 
respectively. 

60 In a preferred form, at least one work station accommodates a titer tray or similar such structure having 
plural rows of receptacles for housing the liquid sample and the diluents, and at least a second work station 
accommodates a rack that houses plural rows of disposable pipette tips. The pipettes themselves have 
tapered ends that can be inserted into and frictionally engage the tips when a head assembly on which they 
are mounted is moved downwardly to bring them together. Once the tips are picked up, the table is 

65 translated to bring a selected row of wells in the titer tray underneath the tips, and the head is then lowered 
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to insert the tips within the we.,. ^ome ^^^^^^^^X 
actuation of plungers in each pipette and, after™ »"9 into lialstiY with the tips. The head is then 

to bring another, generally the "^.^"^ ^seTeJs a^d?he plunge osdilated to mix the sample with 
lowered to insert the tips into the diluent in thes « wjj 8 «" £ T ust P abo ^ e the meniscus of liquid in the well 
the diluent. The head is then raised so that the pipette ^tip is jus :aa» liquid with the aid 

after all the liquid is expelled from the ^»g^SSZ 2jlS* bSeen" the tip and the we... The 
of some excess air from the ^f^^^^^l^ShtS pipettes, and a solenoid controlled tip 
table is then translated to bring the rackhous injr ^g™™^ Q P t P he p jpettes and back into the rack, 
ejector means is actuated to ^^^^^^^ 0 rJTsr^ Mion on the table) into a 
Alternatively, the tips may be ejecte th rough a s\ot " theteb e tor g ^ ^ ^ t{pg 

trough or collector container The tab to then i can fa * ■ nc ^ me ™ e ° ™ h v P oIume of each tip is gre ater than 

^co^^ 

determine when the pipettes fail to pick up all of the ftps M ^a row to ^ereoy P ^ tQ drgw 

sample in one well is not senally diluted into al > the ^nous d ^^.rea con a|| t have been 

»or^^ 

,„ -*5TT2 rSiSE^-: SSSfflf ; mP , em .n«n g .he features o. .he present 

" '^S? 2 i. . section,, eide v.ew o. .he seriel dlluflon machine taken in the direction of errows 2-2 In 

3 5 8— 8 ^n Fjg- 1. v . ew Qf the mach j ne . in _ 10 nf Fia 8 . 

Fa 10 is a sectional top view taken along the section me 10-10 of F g. 8. 

I i^^ «— a ™ d 

„ or £pp'y «y ta£»een the tip supply trey end the micromer tray; 

j. vertically translatable ^ ,^ sse ^ y. ^' ^ fi g^?Q* gKde l^aringe 16. Transletion of the table is provided by 
fe^C«,h e » 

50 rack 32. . . _ lim _- r assemblv 34. This assembly includes a series of 

The head assembly 12 supports a pipette «£^^™jg£ a of translation of the table 1 0. The 
pipettes 36 or syringes that are arranged m ?™™^ n **°™ f % moU nting block 37, and connecting 
Pipettes are removably attached to the head m ° u 9 ead assembly for vertical 

pins 33 and move therewith. A plunger mechanism 38 is .^^^^ < a^nwrn^W.ombang 

55 movement re.ative to the pipettes. V 1 ^^^^^^^ ^ ^mmon actuator bar 42 for 
disposed respectively with.n afong guide rods 44 by means of a stepper motor 46 

concurrent vertical movemen .The bar 42 is t™™ 8 ™^. 9 ,,, the detai , ed sectional diagram of Fig. 5, 
and a lead screw dnve mechanism ^ 48. As Jtanfle. the internal voluntaa of the pipsttm. 

translation of the plunger rods 40 relative to the » P«Pe" es A d» jna 9 vided between each rod and 

so causing fluid to be aspirated into or gelled from them An uwr t g«« * 4? gnd comp , ia nce spring 45. 
the top of its associated pipette by means ^^^^^^^^ in a cylinder 35 formed in 
Each pipette 36 includes a piston section 39 which . recipr ocao ,iy mo ^ loading 

m eT« SnM.^ - ™ S """" 3 " PiPett6S " 
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reliably pick up tips of slightly different dimensions and to assure that the open ends of tips 62 are at the 
same elevation relative to table 10 and titer tray 54. 

The table 10 includes two work stations 50 and 52 for respectively accommodating two trays. One of 
the trays can be a conventional titer tray 54 that includes a matrix arrangement of wells for housing the 
5- ; liquid sample and the diluent. The other tray 56 at the rear work station 52 can be a tip tray that contains a 
similar arrangement of receptacles that accommodate disposable pipette tips. A typical titer tray contains 
96 wells in a 12 x 8 matrix pattern. As illustrated in Fig. 6, the tray 54 can be accommodated at the forward 
work station 50 in a transverse orientation to perform a 12 x 7 serial dilution, wherein the first row of wells 
is filled with a predetermined volume of the sample to be diluted, and the remaining wells are filled with the 
10 diluent. In this case, the tip tray 56 is also oriented to present twelve receptacles in a row across the width of 
the tray. Alternatively, as illustrated in Fig. 7, the trays 54 and 56 can be oriented in the longitudinal 
direction of the table 10 to effect an 8 x 11 serial dilution. 

Referring again to the detailed side view of Fig. 5, the bottom end 60 of each pipette 36 is tapered on its 
exterior surface so as to receive and frictionally engage the inner surface of disposable pipette tip 62 
15 constructed in accordance with the present invention. For example, the tip 62 might be made of a non- 
wettable polypropylene material. The tips 62 in a row of wells or receptacles 63 in the tip tray 56 are 
inserted onto and engage the respective endsd of the pipettes 36 when the head assembly 12 is lowered by 
the stepper motor 28 after the table 10 has brought one row of tips 62 into registry with the pipettes As 
indicated, the volume of each tip 62 is a substantial portion of the total volume of the cylinder formed by the 
barrel of pipette 36 and the interior volume of the tip. As best seen in Figs. 4 and 5, support of each tip 62 in 
receptacle 63 of tray 56 is either by end support as in Fig. 4 or on ends of the bottom flutes 65 formed on the 
exterior of tips 62. The wall of receptacles 63 are arranged to center tip 62 for engagement with tapered end 
60 of pipette 36. 

The subsequent removal of the tips 62 from the pipettes is accomplished with a tip ejector means The 
tip ejector means includes a comb-like plate 64 that is best illustrated in Fig. 11. The plate has recesses that 
accommodate the pipettes, and its teeth surround a substantial portion, e.g., 180°, of the exterior 
circumference of each pipette barrel. The plate 64 is connected to and supported by a pair of vertically 
translatable rods 66 mounted on the head assembly 12. These rods are translated by means of a pair of 
solenoids 68 mounted on the top of the head assembly. When the solenoids 68 are deactuated, the ejector 
plate 64 is maintained in the upper position illustrated in Fig. 5. Actuation of the solenoids moves the plate 
vertically downward, to push the tips 62 down and release them from their frictional engaqement with the 
ends of the pipettes 36. 

The operation of each of the stepper motors 18, 28 and 46, and the solenoids 68 is controlled bv a 
suitable microprocessor 70. Basically, the microprocessor 70 functions as a puTse Tene^ 

hp^T 06 ° M Pe /f 2 M ? f 6ach ° f these e,emen *- thus the interrelated movement^ Thl 
head assembly 12, the plunger assembly 34 and the tip ejector plate 64 to effect leri .I Mi^^^J^ 
.n the tray 54 at the forward work station 50. Since the'stipper SSiTpSSK pred^ 
?! ho" l "£ S ' P °?T ea °. h 3CtUating Pulse app,ied thereto ' accurate Positioning or^ 
?£ro?r^r 8d ^ appropriate ^ ° f the "™ ber <* actuadng^ 

mn^miS? tK " *° * ontr ° mn ? th , ese varJous movable elements, the microprocessor 70 also monitors their 
movement through appropriately positioned sensors. For example, a sensor arrangement for the table 10 
can include a blade 72 that is attached to and extends from the side of the table and a HaTl Jfcrt ™i! Ia 
that detects when the blade 72, and hence the table 10, passes through a 

its translation. Each time the table passes through this point, the Hall-effect sm^XS^^^ 
microprocessor 70 that enables the microprocessor to update information relating to the ^blil^iMan' 
Luni inrpH te? t P h er ' 8 Sh0U,d ™ SS ™ aCtU3tina pu,se du ™9 translation of 9 the W?o?S!^£ 

of th' n ad i lt ' f > ? t0 t f le / e J ere, ? ce Sensor 74 ' a Dair of limit sensor s 76 can be disposed at the respective ends 

S trL P P . ,°nn 3Vel 7 ta ^'. A ^' 9nal S8nt by these sensors indicates tha < table s nearing t ne Jnd of 
its travel, and prov,des an indication to the microprocessor 70 to interrupt the suoolv of oower tn thl 
stepper motor 18 or take some other such corrective action. Similar ae^rVrrai^^rSSSwS.jS 
monitor the movement of the head assembly 12 and the plunger bar 42 rrangements are Prided to 
Furthermore, a sensor can be provided on the machine to detect whether all of the tios in a ro«/ n f th= 
tray 56 have been picked up by the pipette assembly. Referring to Figure 8, Ms senso <£n S ' 
22^KT mechanism comprising an LED 89 or similar such lighting , devfce on one side of the 

row of nliSSS f wk C e ' ement 90 °" thS ° ther Side ° f the tab,e - The *»° events are alined with the 
™! ^TJ ' Whan ° ne or more tips 62 are present within the row of wells 63 registered with the 
sensor, the light beam 82 from the LED will be broken and will not reach the photoelertric element 90 

%z^^*&& a £££z r c r fu i: y pic , ked up b , y the pipette -^MSitKSS 

across trie tray 56 and be detected by the photoelectric element By proper positionina LED aq and 
ff£^ PiCk UP ° f tr3y 56 itSe,t 35 by ^S^S^S, Ssfn 

" Figs. 12 to 14 illustrate an alternative ^ embodrmenFo? thelnoveaBle table" arrangement of the present 
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invention. This embodiment includes another ^^^SSTu ^S^X'SSIS 
dilution process. 



Step Command 



Action 



20 001 Table to position M 

002 Head assembly down 

003 s Head assembly up 

004 Detect for complete tip pick-up 



25 



30 



35 



40 



45 



50 



55 



60 



005 Table to position N 

006 Head assembly down 

007 Plunger up 

008 Head assembly up 

009 Table to position N + 1 

010 Head assembly down 

011 Oscillate plunger 

0*12 Head assembly up partially 

013 Plunger down 

014 Head assembly slightly further 

015 Plunger down beyond initial point 

016 Head assembly to top position 

017 Plunger up to initial point 

018 Table to position M 

019 Head down 

020 Tip ejector down 



Bring row M of tray 56 
under pipettes 

Load tips 

Pick up tips 

Yes: Go to 005 
No: go to 002 

Bring row N of tray 54 
under tips 

insert tips in wells 

Aspirate sample into pipettes 

Remove tips from wells 

Bring next row of tray 54 
under tips 

Insert tips in wells 

Mix sample and diluent 

Tips just out of liquid in wells 

Expel sample from pipette 

Above meniscus 

Expel all of sample and some air 



Bring empty row of tray 56 under tips 
Insert tips in receptacles 
Release tips 
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Step 


EP 

Command 
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Action 




021 


Tip ejector up 




5 


022 


Detect for complete Tip ejection 


Yes: Go to 023 








No: Go to 020 




023 


Head assembly up 




10 


024 


M = M + 1,N = N + 1 






025 


Table to position M 






026 


Go to 002 





15 



The cycle is repeated a number of times equal to the number of dilutions to be carried out. During any 
given cycle steps 001 — 004 and 18 — 22 can be deleted if changing of the tips is not required. 

Prior to the initiation of a serial dilution operation, the microprocessor 70 can be programmed with the 
volume of liquid that is to be transferred during each cycle of the process. This amount determines the 

20 extent to which the plunger rods 40 are raised during step 007 of the program. This action, in turn, 
determines the concentration of the sample in successive wells of the tray 54. For example, to obtain a 
dilution spectrum in which the concentration in one row is one-half that of the preceding row, the first row 
of wells might be filled with 100)1 of the sample and all other wells filled with 50)1 of diluent each. The 
microprocessor would be set up to cause 50)1 to be transferred from one well to the next succeeding well 

25 during each cycle. 

During step 011, the plunger rods 40 can be oscillated up and down about 5 times to assure adequate 
mixing. 

At the beginning of each cycle of the serial dilution process, the plunger rods 40 are disposed at a 
predetermined calibration point within the pipettes. A Hall-effect sensor similar to the type described 

30 previously with respect to the table 10 can be used to monitor and control the position of the rods. In step 
number 014 of the program, after the sample and diluent have been mixed in step 011, the plunger tips are 
raised so that they are just above the level of liquid in the wells in step 012 and the plunger is returned to 
the calibration point to expel the liquid from the pipettes in step 01 3, the tips are raised to a point just above 
the meniscus of liquid in the receptacle. By then extending the plungers downwardly beyond the 

35 calibration point, all liquid is expelled from the pipettes. This action effectively blows the liquid out of the 
pipettes by causing some air trapped within the pipette to also be ejected and permits any liquid remaining 
in the tips and extending between the tip and the receptacle to be drawn out of the tip by capillary action 
due to surface tension acting on the liquid. This step is particularly effective where the tip is made of a non- 
wettable plastic which as above noted is a preferred material. 

40 Although certain steps have been shown to be discrete, they can be executed simultaneously. For 
example, steps 016 and 017 might take place at the same time. 

It will be appreciated by those of ordinary skill in the art that the present invention can be embodied in 
other specific forms without departing from the spirit or essential characteristics thereof. The presently 
disclosed embodiment is therefore considered in all respects to be illustrative and not restrictive. For 

45 example, where the term /'stepper" motor has been used to describe the preferred embodiment of the 
motor drive means for table, head assembly and plunger mechanism, it will be apparent that other precise 
positioning means may be used, such as direct current servo motors. The scope of the invention 
accordingly is indicated by the appended claims. 

so Claims 

1. An apparatus for handling small liquid samples during filling, transferring or mixing of such liquid 
samples by repetitive use of the same pipette (36) to transfer liquids between a plurality of sample 
receptacles (63) having different quantities or types of liquid therein which includes a plurality of pipettes 

55 (36), each having a piston section (39) and a pipette tip member (62) securable thereto for insertion into said 
sample receptacles (63) to withdraw liquids from or inject liquids into said receptacles (63), and a mounting 
block (37) having a cylinder (35) formed therein for housing the piston section (39), a plunger (40) 
positioned in each said pipette (36) for recriprocal motion through said pipette (36), wherein a fluid seal 
(47, 49) is arranged between the plunger (40) and the cylinder (35), 

so an elongated pipette tip member (62) for covering one end of said piston section (39) and forming a 

substantial portion of the fluid volume of said pipette (36), said tip member (62) having one end frictionally 
engageable with a portion of the sidewall surface of said piston section (39) to form a fluid seal with it, 
characterized by 

reciprocal means (64) having a member slidably surrounding the exterior of said piston section to 
65 contact said tip member (62) to frictionally disengage said tip member (62) from said sidewall surface. 
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means (56, 63) for supporting a plurality of said pipette tip members (62) in a vertical position for 

5 ^Sm^^^^^^ < 39 > t0 friCti0na " Y enga9B S3id ^ 

me teTnl?66 W 68 h ) ?of aSng said reciproca. means (64) to disengage said tip member (62) from said 
piston section (39), and ( 9 . 

for disengaging tip mem^ (39) are supported 

reciprocal means (64) and tne means ^ between upper and lower positions along a 

* me3 8 9 Apparatus awo^d'njto anv of claims , to 7. further eomprlslng aensor means (72. 74. for detecting 
" he StSSSST .Sorting"' to olaim 8. further comprising Hmi. sensors 176) which are diaposed a. ,ha 

^T^^Z^Z^X'^l'^^^ - <—•» means 1701 

monitors the movem.me by controlling signal, of ™ 8 ~- d „ device naving , pll)ra | itv of 

liquid, removable tips and an electrically ope raDie hp . horiz ontallv moving liquid receptacles 

table driven by a mechanism under the 0 ™^J° 1I r mechanism S the control of said 

in a first work station and nclud.ng a , head I assemb ^JJJJf ^ " ^ ^ JEced in a plurality of liquid 

a) causing the computer to run a prog ran which "uses sa.d »«JP mechanis ms for said table 

, r ^n^m^ — m <° — the fo,,pw5n9 

^^SS^ll^S^ - ™ of PiP^e tips stored on said second work station with the 
pipettes on said head assembly; pnn . np row of said disposable tips in the 



30 



35 



55 pipettes; 



60 



pipettes into the other receptacles; 

|! mov^ngta S. 5TC.3S?S5*« at said eecond wo* etation imo alignment with eaid 
"'"tlmove head down and move tip election mechaniam so as to discharge said engaged tips from said 



pipettes; 

65 I) raise the head assembly 
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13. The method of claim 12 which includes repeating the steps for a set of unused tips and a new set of 
liquid receptacles until a desired number of transfers or dilutions are completed. 

14. The method of claim 12 or 13 wherein the step of expelling liquid into said receptacle includes at 
least once after expelling liquid into said receptacle, moving said plunger so as to aspirate liquid from said 
receptacle into said pipettes and again moving said plunger so as to expel liquid from said pipettes to effect 
mixing of the contents of said receptacle with the added liquid. 

15. The method of any of claims 12 to 14 wherein expelling of liquids in said pipettes in step (h) 
includes actuation of a plunger in each pipette while said tips are just above the meniscus of liquid in said 
receptacles to expel any remaining liquid in said tips through capillary attraction between liquid in said tips 
and said receptacle. 

16. The method of any of claims 12 to 15 further including the step of detecting whether all of the tips in 
a row are successfully picked up during step (c). 

17. The method of claim 12 wherein said tips are discharged onto said second workstation durinq step 

(k). 

18. The method of claim 12 which includes the further step of detecting whether all tips have been 
ejected after step (k). 

19. The method of any of claims 12 to 18 wherein steps d) through i) are repeated before steps j) 
through l) are performed. 

20. The method of any of claims 12 to 18 which includes repeating steps b) through l) for successive 
rows of tips and successive receptacles at said respective work stations until a desired number of transfers 
or dilutions are completed. 

Patentanspruche 

1. Vorrichtung zum Handhaben von kleinen Flussigkeitsproben beim Fullen, Ubertragen oder Mischen 
solcher Flussigkeitsproben durch wiederholte Verwendung der gleichen Pipette (36) zum Ubertragen von 
Flussigkeiten zwischen mehreren Proberibehaltern (63) mit darin befindlichen 

unterschiedlichen Mengen oder Arten von Flussigkeiten, mit mehreren Pipetten (36), die jeweils einen 
Kolbenabschnitt (39) und ein Pipettenspitzenelement (62) aufweisen, das zum Einfuhren in die Proben- 
behalter (63) daran befestigbar ist, so da& Flussigkeiten entweder aus den Behaltern (63) entnommen oder 
in diese eingespritzt werden> und mit einem Befestigungs block (37) mit einem darin ausgebildeten Zylinder 
(35) zur Aufnahme des Kolbenabschnitts (39), einem in der Pipette (36) angeordneten Kolben (40), der 
durch die Pipette (36) hin- und herbewegbar ist, wobei eine Flussigkeitsdichtung (47, 49) zwischen dem 
Kolben (40) und dem Zylinder (35) angeordnet ist, 

wobei das langsgestreckte Pipetten-Spitzenelement (62) ein Ende des Kolbenabschnitts (39) abdeckt 
und einen wesentlichen Abschnitt des Flussigkeitsvolumens der Pipette (36) bildet, wobei das Spitzen- 
element (62) ein Ende aufweist, das reibungsschlussig mit einem Abschnitt der Seitenwandflache des 
Kolbenabschnitts (39) in Eingriff bringbar ist und so eine Flussigkeitsdichtung mit dieser gebildet wird, 
gekennzeichnet durch 

eine hin- und hergehende Einrichtung (64) mit einem Element, das das Aufcere des Kolbenabschnitts 
gleitend umgibt zum Beruhren des Spitzenelements (62) und Losen des Reibungseingriffs des Spitzen- 
elements (62) von der Seitenwandflache, 

eine Einrichtung (56, 63) zum Tragen mehrerer Pipetten-Spitzenelemente (62) in einer senkrechten 
Steilung zum wahiweisen reibungsschliissigen Ineingriffnehmen mit der Seitenwandflache, 

eine Einrichtung (30, 32) zum Hin- und Herbewegen jedes der Kolbenabschnitte (39), so dafc die 
Spitzenelemente (62) reibungsschlussig mit der genannten Flache in Eingriff kommen, 

eine Einrichtung (66, 68) zum Betatigen der sich hin- und herbewegenden Einrichtung (64) zum Losen 
des Spitzenelements (62) von dem Kolbenabschnitt (39) und 

eine Betatigungseinrichtung (28) zum Betatigen der sich hin- und herbewegenden Einrichtung (30, 32). 

2. Vorrichtung nach Anspruch 1, wobei jede der Pipetten federnd an der Vorrichtung befestigt ist, 
wodurch eine unabhangige, relative Bewegung zwischen jedem Kolbenabschnitt (39) mdglich ist. 

3. Vorrichtung nach Anspruch 1 oder 2, wobei die Kolbenbetatigungseinrichtung einen Schrittmotor 
(46) und eine den Schrittmotor (46) und die Kolben (40) verbindende Fuhrungsschrauben-Antriebs- 
mechanik (48) aufweist. 

4. Vorrichtung nach einem der Anspruche 1 bis 3, wobei die mehreren Pipetten (36) in einer Reihe 
angeordnet sind und eine Kolbenanordnung (34) bilden, wobei die Kolbenanordnung (34), die sich hin- und 
herbewegende Einrichtung (64) zum Losen der Spitzenelemente (62) von den Seitenwandflachen, die 
Einrichtung (66, 68) zum Betatigen der sich hin- und herbewegenden Einrichtung (64) und die Einrichtung 
(30,32) zum Hin- und Herbewegen jedes Kolbenabschnitts (39) von einer Kopfanordnung (12) getragen 
werden, wobei die Kopfanordnung (12) zwischen oberen und unteren Stellungen entlang einer vertikalen 
Achse versteilbar. ist und Einrichtungen (28) zum Bewegen der Kopfanordnung entlang der vertikalen 
Achse vorgesehen sind. 

5. Vorrichtung nach einem der Anspruche 1 bis 4, ferner mit einer Einrichtung (18, 20, 22) fur eine 
horizontal Bewegung eines Tisches (10). 

6. Vorrichtung nach Anspruch 5, wobei die Einrichtung fur die Horizontalbewegung einen Schrittmotor 
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( 18 ). ein Bitze. (20, und eine Zahnstange (22, .ufweist 

Det f%Z^uT™^ mit Grenzsensoren (76,, die an den jewei.igen Enden des 

Bew«gungswegsde8TIs*e8(10)angTOrdnet9ind. Sensoreinrichtungen (89,90) zum 

Meehanik angetriebenen Tisch fur e.ne MW „ °™Sne Mechanik ang«trieb.ne Kopfanordnung 
Atbaitsstation aufwalst und ems dun* i erne «>mpu«rges» 8 me hrere In dam Tlaoh 
zum Tranaportiaren der Kpenen autaa, S t. alniga dar nosaigkolta- 

apitaan mil dan Pipett.n an «W«<J-12 *«» S ortffbri ngan ainar Raihe dar Wegw.rf- 

- * 

9eb % C K&^tl P ^"rnindaa»n= alnlga da, ROaalgkal, an.ha,«nd.n Bah.I.e, an da, ara.an 
*b.lt^onuiWd ? PI|^re^»»^ tom™"- b ,„ hten Sptaen'in dia Russigkait da. 

F ,0s.tr^de«^Sg^ - «*~ ao d.B mlndasfens e,n 

Teil der Flussigkeit daraus in die Pipetten entnommen w.rd, 

ar^'i^^--*^^ andere - ter den pipetten zu 

Me9e h) AbTeX der Kopfanordnung und der Pipetten und Bewegen der Kolben, so da* die F.ussigkeit in 
den Pipetten in die anderen Behalter ausgestoBen wird, 

It^l&gSZSVttSS^ Poaidon an dar zwnl.an A rde,,sa,„,on m,< dan 

''"TA^Snts'rS'plas und Bawagan dar Sptannausa.oBmachanifc ao dati d,a In Eingrlff gabrachf.n 
Spitzen von den Pipetten abgeworfen werden, 

I) Anheben der Kopfanordnung. c „u ri+ * a f r, r pinpn Satz unaebrauchter Spitzen und einen 

n ^^ rf r™?a»^ 

oder Verdunnungen abgeschlossen ist. e^hritt hpim Ausstofcen von Flussigkeit in den 

aufweist, Bewegen des Kolbens. so daS ^"J^^S^'.g; Spin AusgestoBen wird, so daS 
SSlt««3S«r^ ROaalgkalfan In dan 
elpa^riMSB^ 

das Maniskos dar ROsaigkait In den Bejalten, and. "^IM^ dTEfern au.geatoBan wird. 
station abgeladen werden. 
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18. Verfahren nach Anspruch 12, mit clem weiteren Schritt zum Detektieren, ob alle Spitzen nach dem 
Schritt (k) abgestoBen wurden. 

19. Verfahren nach einem der Anspruche 12 bis 18, wobei die Schritte d) bis i) wiederholt werden, 
bevor die Schritte j) bis I) ausgefuhrt werden. 

5 20. Verfahren nach einem der Anspruche 12 bis 18, wobei die Schritte b) bis Ofuraufeinanderfolgende 

Reihen mit Spitzen und aufeinanderfolgende Behalter an zugehorigen Arbeitsstationen wiederholt werden, 
bis eine bestimmte Anzahl von Ubertragungen oder Verdunnungen abgeschlossen ist. 

Revendications 

io 

I. Appareil pour la manipulation de petits echantillons liquides pendant le remplissage, le transfert ou 
le melange de ces echantillons liquides par utilisation repetitive de la meme pipette (36) pour transferer des 
liquides entre plusieurs receptacles a echantillons (63) contenant differentes quantites ou differents types 
de liquides, qui comprend plusieurs pipettes (36) comportant chacune une section de piston (39) et un 

75 embout de pipette (62) pouvant y etre fixe en vue d'une introduction dans les receptacles a echantillons (63) 
pour soutirer des liquides des receptacles (63) ou y injecter des liquides, et un bloc de montage (37) dans 
lequel est forme un cylindre (35) destine a ioger la section de piston (39) ainsi qu'un plongeur (40) place 
dans chaque pipette (36) afin de se deplacer en va-et-vient a travers la pipette (36), un joint d'etancheite au 
fluide (47, 49) etant prevu entre le plongeur (40) et le cylindre (35), 

20 un long embout de pipette (62) pour couvrir une extremite de la section de piston (39) et former une 

partie substantieMe du volume de fluide de la pipette (36), I'embout (62) comportant une extremite pouvant 
etre engagee a friction avec une partie de la surface de paroi laterale de la section de piston (39) pour 
former un joint etanche au fluide avec celle-ci, 
caracterise par 

25 un dispositif a va-et-vient (64) comportant un element entourant a coulissement I'exterieur de la 

section de piston afin de venir en contact avec I'embout (62) pour degager cet embout (62) par friction de la 
surface de paroi laterale, 

des moyens (56, 63) pour supporter plusieurs embouts de pipettes (62) dans une position verticale en 
vue d'un engagement a friction selectif avec (a surface de paroi laterale, 
30 un dispositif (30, 32) pour animer chacune des sections de pistons (39) d'un mouvement de va-et-vient 

afin d'engager les embouts (62) par friction avec la surface, 

des moyens (66, 68) pour actionner le dispositif a va-et-vient (64) afin de degager I'embout (62) de la 
section de piston (39), et 

un dispositif d'actionnement (28) pour actionner le dispositif (30, 32). 
35 2. Appareil suivant la revendication 1,"dans lequel chacune des pipettes est montee elastiquement sur 

I'appareil afin de permettre un deplacement relatif independant entre les sections de pistons (39). 

3. Appareil suivant la revendication 1 ou 2, dans lequel le dispositif servant a deplacer les plongeurs 
comprend un moteur pas a pas (46) et un mecanisme d'entraTnement a vis mere (48) reliant le moteur pas a 
pas (46) et les plongeurs (40). 
40 4. Appareil suivant I'une quelconque des revendications 1 a 3, dans lequel les pipettes (36) sont 

disposees en une rangee et forment un ensemble de plongeurs (34), I'ensemble de plongeurs (34), le 
dispositif a va-et-vient (64) pour degager les embouts (62) des surfaces des parois laterales, les moyens 
(66, 68) pour actionner le dispositif a va-et-vient (64) et le dispositif (30, 32) pour animer chaque section de 
piston (39) d'un mouvement de va-et-vient sont supportes par une tete (12), ta tete (12) peut etre deplacee 
45 entre des positions superieure et inferieure suivant un axe vertical, et des moyens (28) sont prevus pour 
deplacer la tete le long de l f axe vertical. 

5. Appareil suivant I'une quelconque des revendications 1 a 4 comprenant, en outre, un dispositif (18, 
20, 22) pour assurer le deplacement horizontal de la table (10). 

6. Appareil suivant la revendication 5, dans lequel le dispositif pour assurer le deplacement horizontal 
so comprend un moteur pas a pas (18), un pignon (20) et une cremaillere (22) qui sont montes sur le dessous 

de la table (10). 

7. Appareil suivant I'une quelconque des revendications 1 a 6 comprenant, en outre, un dispositif de 
commande (70) pour commander le fonctionnement de chaque dispositif d'actionnement en vue du 
deplacement des pipettes (36), du plongeur (40), du dispositif a va-et-vient (64) et de la table (10). 

55 8. Appareil suivant I'une quelconque des revendications 1 a 7 comprenant, en outre, des capteurs 

(72, 74) pour detecter la position de la table (10). 

9. Appareil suivant la revendication 8 comprenant, en outre, des capteurs defin de course (76) qui sont 
disposes aux extremites respectives du trajet de la table (10). 

10. Appareil suivant I'une quelconque des revendications 1 a 9 comprenant, en outre, des capteurs 
so (89, 90) pour detecter la presence d'embouts (62) dans les receptacles a echantillons (63). 

II. Appareil suivant I'une quelconque des revendications 6 a 10, caracterise en ce que le dispositif de 
commande (70) surveille les deplacements en controlant les signaux des capteurs. 

12. Procede de mise en oeuvre d'un ordinateur pour commander un dispositif manipulateur de Hquide 
comportant plusieurs pipettes avec des plongeurs actionnes electriquement pour modifier leurs volumes 
65 interieurs afin d'aspirer et de debiter du liquide, des embouts amovibles et un mecanisme d'ejection 
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d'embouts actionne electriquement, ainsi qu'un dispositif de transport comprenant une table entraTnee . par 
un mecanisme sous la commande de I'ordinateur pour deplacer horizontalement des receptacles a nqu.de 
aSnT un premier poste de travail et comprenant une tete entraTnee par un mecanisme sous la commande 
de rordinate^r pour transporter les pipettes de telle facon que les embouts jetables pu.ssent etre places 
dans plusieurs receptacles a liquide disposes sur la table, au moins certains receptacles h J 
du itquide et comportant une rangee d'embouts jetables stockes dans un second P ost t e an d .^ a ^^" r ^ 
table afin de transferer automatiquement des echantillons liquides entre les divers receptacles a l.qu.de, ce 

^S^^^ol^^ .e force a emettre les ordres electees adequate w .les 
D longeu?s de pipettes actionnes electriquement, les mecanismes d'entratnement pour la table et a t§te du 
dispSf dTtransport et le mecanisme d'ejection d'embouts afin d'amener les defacements su.vants a se 

d§r °b) la fable es^placee pour amener une rangee d'embouts de pipettes stockes sur le second poste de 
travail en coincidence avec les pipettes prevues sur la tete; 

c la t§te et les pipettes sont abaissees pour engager une rangee des embouts jetables const.tuant la 
ranqde coincidente et la tete est elevee pour saisir les embouts engages en meme temps que les P'Pettes 

d) la table est deplacee pour amener au moins certains des receptacles contenant du liqu.de au prem.er 

^lul StfSep.^ les embouts engages dans le liquide present dans les 

receptacles contenant du liquide et les p.ongeurs sont deplaces de maniere a soufrer au moms une 
fraction du liquide dans les pipettes; 

f) la tete et les pipettes sont deplacees vers le haut; j^« lie? h« 

g) la table est deplacee pour amener un ou plusieurs autres receptacles a l.quide en dessous des 

PiPe hna' tete et les pipettes sont abaissees et les plongeurs sont deplaces de maniere a expuiser le liquide 
contenu dans les pipettes dans les autres receptacles; 

I! S ttJTJ&SSS ^unZ^oKe au second poste de travail en ligne avec les 

PiPe k)Ta tete est abaissee et le mecanisme d'ejection des embouts est deplace de manure a decharger les 
embouts engages des pipettes, et 

? 3 '%lSal^«rSJl^S l on 12, suivant leque! les operations sont repetees pour unjju 
d'embouts Son utilises et pour un nouveau jeu de receptacles a liquide jusqu'a ce qu'un nombre souha.te. 

^ S^rSS^^u^ dans leque, .'operation consistent a expuiser du liquide 

dans le Sceptecle comprend au moins, apres avoir expu.se du liquide dans le recip.ent. un dep acement du 
pfongeur en vue d'aspirer du liquide du receptacle dans les pipettes et un nouveau deplacement du 
plongeur Te maniere I expuiser du liquide des pipettes en vue de melanger le l.qu.de present dans les 

" "tSStaSconque des revendications 12 a 14, dans leque. .'expulsion de liquides 
dans d e r p ipettes dans .'operation h) comprend I'actionnement d'un plongeur dans chaque p.pette tand.s 
nu^leremboutrs^^^ juste au-dessus du menisque liquide present dans les receptacles afin 

d^exputser^tTquide refuel dans les embouts par attraction capillaire entre le liquide dans les embouts 

" St '^fproclde suivant I'une quelconque des revendjcations 12 a 15 comprenant, en outre, .'operation qui 
consists I dltecter sUous les embouts d'une rangee sont effectivement saisis pendan I'operabon c), 
If ProcedTsuivart 12, dans lequel les embouts sontdecharges sur le second poste de 

- 0 traVa ilTrSdr S P u1vSr.a kK revendication 12, qui comprend .'operation supplemental consistent a 

^^^^^^^^^ 18. -«» ,eque. ,es operations d, a i) sont 

r nn a o V c'^ « » - 18 ' ^'comprend la ^.d. 

S5 operations 5) a I) pour des rangees successes d'embouts et des receptac : es success* aux postes de 
°ravail Tespectifs jusqu'a ce qu'un nombre souhaite de transf erts ou de d.lufons a.ent ete effectues. 
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